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Main Points 
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ÅWe know how to build neutrino beams. Following closely the design 

and lessons learned from NuMI (including re-using components) 

and many LBNE team members have the experience of NuMI. 

ÅWe have a well developed design for the LBNE Beamline for 700 

kW, upgradeable to 2.3 MW. (Many Beamline, Project, Director and 

DOE internal and external reviews have validated this). 

Å The high power LBNE Beamline is the key application for the MW 

class facility at Fermilab. The strategy to design for a facility 

upgradeable to 2.3 MW will serve us well in the long run.  

ÅWe are exploring a number of improvements to the design (beyond 

CD-1) which could increase the number of neutrinos per proton by 

up to 50%. 
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MINERvA 

MiniBooNE 

MINOS (far) 

MINOS (near) 

Operating 

since 2005 

(up to 375 kW) 

NOvA (far) 
Construction nearing completion 

Online on 2014 

(700 kW) 

MicroBooNE 

under construction 

(LAr TPC) 

NOvA 

(near) 

Neutrino Program at Fermilab  

New Neutrino Beam  
at Fermilab  



A Beamline for LBNE 
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ÅñDesignò started just after the 2008 P5 recommendation that 
we design a new, high power neutrino beamline to 
DUSEL(now SURF) 

ïBegan with a working group to document ñlessons learnedò from 
NuMI 

Å In 2009 we began addressing particular details to meet the 
requirements for this new beam 

ïTeam built on the experience of the NuMI scientists and 
engineers  

ÅWorking on this for the past ~ 5 years; ~20 FTEs now 
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Past and projected performance  

NuMI 
Multi -batch slip- stacking in Recycler 

MI cycle time (s) 1.333 

MI intensity 
(ppp) 

4.9x1013 

NuMI beam 
power (kW) 

700 (at 120 GeV) 

PoT/year to 
NuMI 

6.0x1020 

Building on past experience 

Main Injector World Record(120 GeV): 18 Feb. 2011 
401 kW, 4.6 x1013 every 2.2 sec 
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In the past 15 years the Fermilab Accelerator 
complex has delivered 14x1020 POT to NuMI and 
18x1020 POT to the Booster Neutrino Beamline!!  

NuMI 
Multi -batch slip- stacking in Main Inj. 

MI cycle time (s) 2.1 

MI intensity 
(ppp) 

3.7x1013 

NuMI beam 
power (kW) 

340 (at 120 GeV) 

PoT/year to 
NuMI 

3.6x1020 

Past (FY2012) Projected 
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Requirements driven by the physics 

Å The driving physics considerations for the LBNE Beamline are the 

long-baseline neutrino oscillation analyses.   

ÅWide band, sign selected  beam to cover the 1st and 2nd oscillation 

maxima. Optimizing for En in the range 0.5 ï 5.0 GeV.  

Å The primary beam designed to transport high intensity protons in the 

energy range of 60-120 GeV to the LBNE target. 
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CP effects 
2nd max 

Mass hierarchy 
1st  max 

0.8 GeV 

2.3 GeV 
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Neutrino flux at Far Detector 

Normal mass hierarchy 



Requirements and assumptions  
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ÅWe have been planning so far to start with a 700 kW beam 

(NuMI/NOvA at 120 GeV) and then be prepared to take 

significantly increased beam power (~2.3 MW) allowing for an 

upgradeability of the facility when more beam power becomes 

available. 

ÅFermilab has recently set a goal to try to raise the beam power 

to >1 MW by the time LBNE starts operation (to be presented to 

P5 at the BNL meeting in December) and we have taken 1.2 MW 

as our target for evaluation. 
ī Just starting to understand how we would modify the initial 

beamline configuration to accommodate this beam power. 

ÅThe lifetime of the Beamline Facility including the shielding is 

assumed to be 30 years.  



NEAR 
DETECTOR 

LBNE Beamline Reference Design: 

MI-10 Extraction, Shallow Beam 
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Main Injector 

Tevatron 

Antiproton Source 

Main Injector 
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Beamline Facility contained 
within Fermilab property 

The lattice design of the 
primary proton beam  requires 
about 80 conventional magnets 

Kirk Rd 

Ready for beam in 2022/2023 (depending on funding) 



Major Components of the Neutrino Beam 
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Primary Beam Window 

Target 

Tunable neutrino energy spectrum 
NuMI design Horns 

NuMI-like low energy target for 
700 kW operation 
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The neutrino spectrum is determined by the geometry of 
the target, the focusing horns and the decay pipe geometry 



Target Hall/Decay Pipe Layout 
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Target Chase: 1.6 m/1.4 m wide, 24.3 m long 

Decay Pipe concrete  
shielding (5.5 m) 

Geomembrane 
barrier system to 
keep groundwater 

out of decay region, 
target chase and 

absorber hall   

Work Cell 

Baffle/Target Carrier 
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204 m 
4 m 

air-filled 

Considering a 250 m long, helium-filled Decay Pipe 

steel 


